Abstract-This paper demonstrates a Ultra High Frequency (UHF) Radio Frequency Identification (RFID) passive tag antenna. The novel design is suitable for placement in the limited space of smart cards, such as bankcards, along with the contactless payment facility and Europay, MasterCard and Visa (EMV) chip. In this paper, a UHF tag antenna is designed using model of the Monza R6 chip specifications while focusing on high performance and read range of upto 12 meters via a very small sized antenna having dimensions of 17.9 mm× 47.30 mm. Performance is analysed in terms of gain, read range and power reflection coefficients. The UHF tag antenna is designed using aluminium on Polyethylene Terephthalate (PET) substrate. The proposed design aims to meet the objectives of low cost and small size while maintaining high performance.
I. INTRODUCTION
RFID technology is emerging as one of the most popular technology and rapidly gaining interest in scientific and commercial sectors. It has many key features [1] , [2] such as medical inventory, customer service, retail inventory, asset management, operational configuration, object identification and people tracking through the use of active, semi-active or passive chipped UHF tag antennas. Globally, the UHF frequency range is from 860-960 MHz while the European frequency region range is from 865.6-867.6 MHz. It identifies physical objects through Radio Frequency (RF) radiations and is referred as Automatic Identification System [3] . RFID takes an advantage over barcode systems due to non-line-of-sight identification.
RFID system consists of an RFID reader, RFID tag and a host computer to manage the information as shown in Fig.  1 . The reader consists of an RF transceiver module, coupling element (antenna), controller unit and signal processor, and a serial interface to connect with a host computer. The RFID tag consists of a resonant tuned antenna and a low power Integrated Circuit (IC) [4] . This technique involves the contactless reading and writing of data into the non-volatile memory of an RFID tag through back scattered RF signals. The voltage which develops across the antenna terminal powers up the chip and sends back information to the reader by varying the input impedance and modulating backscattered signals [5] . Some of the major factors that affect the responsiveness of a tag are impedance mismatch between tag the antenna and chip, communication blind spots, multipath fading and orientation and location of tag within the RFID environment [6] . To achieve the maximum efficiency and read range, special attention should be paid to the design of the tag antenna and it's environmental use [2] - [5] .
In literature, RFID tag antennas are designed using different substrates and metallic track materials [6] , [7] . Different tag antennas are designed based on different chips available in the market to operate at UHF frequency band regions [3] - [9] . However, most of the designs are too large to be considered for small areas such as bankcards with limited free space.
In this paper, the focus of our investigation is to design a tag antenna on PET substrate using aluminum etching which operates at EU frequency band region with small size to ensure the placement in bank card as shown in Fig. 2 . The impedance of the tag antenna is matched with Monza R6 chip along with maintaining high read rates and performance. The rest of the paper is divided into the following sections: The second section introduces antenna design parameters, the third section represents the tag antenna design and characterization, the forth section presents results and discussion carried out using CST software platform, and the fifth section concludes this paper.
II. ANTENNA DESIGN PARAMETERS
The UHF tag antenna design should have a high gain, appropriate radiation properties and impedance matching with the adjacent chip to ensure maximum power transfer as shown in (1) [10] .
Z ant indicates the impedance of the UHF tag antenna while, Z * chip shows the complex conjugate of the input impedance of the chip [8] . As microchips store energy their input reactance shows a higher capacitive behaviour. RFID UHF microchips mostly exhibit imaginary input reactance ranging from -70 to -400 Ω, while the real part is normally within 50 Ω. Thus, for impedance matching tag antenna should have inductive impedance to achieve complex impedance matching. If antenna parameters are known, it is possible to calculate the RFID tag antenna read range 'r' of the tag by using Friss equation as shown in (2) [8]:
where, λ is the wavelength, P T is the power transmitted by the reader and G T is the gain of the transmitting antenna. The product of P T G T is equivalent to EIRP, the effective radiated power of the reader, G R is the gain of the receiving tag antenna and P th is the minimum threshold power to activate the RFID tag chip. The parameter, τ is defined as the power transmission coefficient shown in [10] :
Here, Z chip = R chip + jX chip is the impedance of the chip and Z ant = R ant + jX ant is the impedance of the tag antenna. Every country has its own regulations that specifies the UHF RFID frequency transmission ranges within that country. According to the latest regulatory status of RFID in the EPC Gen2 (860-960 MHz) band, the frequency ranges of RFID transmission in some countries are shown in Recently, in November 16, another frequency band of 915-921 MHz is allocated to European region [11] .
III. UHF TAG ANTENNA DESIGN CHARACTERIZATION
The tag antenna design is the most complex stage in passive UHF RFID systems. As mentioned before, the tag antenna transfers radiated energy from reader antenna to the chip to turn it on. The current UHF tag design is optimized to work with the commercial Monza R6 chip. Where, C p is the parallel chip capacitance, R p is the parallel resistance of chip. C mount is defined as the typical capacitance due to adhesive mount parasitics. The total load capacitance offered to antenna model is C T = C p + C mount . Impedance of the chip is calculated using R p , C p and C mount by using the following equations:
Here, R1 = 1200Ω, X1 = 0, R2 = 0 and X2 = j128 Ω, the equivalent chip impedance is calculated as:
To achieve maximum power transfer from the tag antenna to the chip, the real part of tag antenna impedance Rant should be equal to the real part of chip impedance R chip , likewise the complex part of tag antenna impedanceXant should be a complex conjugate of the chip impedance X chip as expressed in (1). Fig. 2 represents the layout of the smart card with the free space available for UHF tag. M1 is depicting the available space for RFID UHF tag, while M2 is showing the NFC track tracks around the bank card, M3 and M4 are showing the area occupied by the EMV chip and the card embossment the red lines are showing the NFC tag tracks around the bank card, yellow lines are depicting the free available space for RFID UHF tag while, the green coloured hatched area is showing the area occupied by the EMV chip and card embossment. As the UHF tag antenna geometry is dipole so for symmetrical design the rectangular blue hatched area is allocated for UHF tag design with area of 20.41 x 50.41 mm 2 . The layout of UHF tag antenna is shown in Fig. 3 with dimensions of 17.90 x 49.14 mm 2 . The design is simulated in CST (Computer Simulation Tool) using aluminium with conductivity of 3.56 x 10 7 S/m and the thickness of 0.01 mm on PET due to mechanical flexibility and cost effectiveness. The thickness of PET substrate is 0.05 mm with relative permittivity of r = 3 [8] and dielectric loss tangent of 0.021. The dimensions of the inductive loop are designed to match the tag antenna imaginary impedance with the imaginary part of chip, while the design of UHF tag with meander lines and bent edges are made to match the real impedance with chip. The rectangular bars are introduced on all sides of the design to shift the resonance frequency to European frequency band region. The length and width of the meander structure are optimized after performing parametric analysis and simulations, the optimum dimensions are achieved and shown in TABLE 3. The simulated S parameters are shown in Fig. 4 . It can be seen that the UHF tag is resonating at 865.8 MHz with S11= -30.71 dB. The half power beam width (reflection coefficient <-3 dB) is almost 8 MHz covering the whole European frequency band region. While, Fig. 5 displays the expected dipole radiation pattern of UHF tag antenna in free space with the computed peak gain of approximately 1.7 dB at 866 MHz. From simulated results as shown in Fig. 6 , Zant= 12.88+ j127.68 Ω which shows a good agreement with (7) . The theoretical read range of UHF tag is calculated as 12.66 m by using equation (2) TABLE 4 displays the comparison of the proposed UHF tag design in terms of dimensions, reflection coefficient, read range and gain with previous published work. It can be seen that the proposed design is much smaller in dimensions with very good reflection coefficient values with high antenna gain and read range. Thus it is a very promising and cost effective design for smart cards applications. 
V. CONCLUSION
In this paper, a novel design of UHF RFID tag antenna is presented using PET substrate and aluminium as the metallic track. This antenna has small size compared to the previous publications in literature. It has been designed to fit in the limited space of bank cards alongside EMV chip and contact less payment facility. The simulated reflection coefficient is -30.71 dB at 865.8 MHz with the bandwidth of 8 MHz is highly desirable. The gain of the proposed tag antenna is 1.7 dB with computed maximum read range of 12.66 m. The RFID tag can be adopted in other wireless applications such as smart bank cards and people tracking with the ability to operate at European frequency band region. Future work will be carried out on the development and testing of the RFID tag antenna.
